The proposed structure of Photinuspterin isolated from the firefly Photinus pyralis has been proven by two unambiguous syntheses to be 6-(l-hydroxypropyl)-8-methylisoxanthopteIin (15), 8-MethylisoxanthopteIin (7) can be substituted in 6-position in a homolytic nucleophilic substitution reaction either by the I-hydroxypropyl radical to give 15 directly or by the propionyl radical leading first to 8-methyl-6-propionyl~isoxantho pteIin (9) which was easily converted into 15 by sodium borohydlide reduction. These two approaches eire of general nature and can be applied to synthesize a broad variety of 6-substituted 8-methylisoxanthopterins (8) (9) (10) (11) (12) (13) (14) (15)(16)(17)(18)(19). The newly synthesized compounds have been charactelized by elemental analysis. pK" determinations, UV and NMR spectra.
Introduction
In 1981 Goetz, Meinwald and Eisner (I) isolated a new interesting pteIidine deIivative from the firefly PhOlif/uS pyrah\' and assigned the structure of a 6-( l-hydroxypropyl)-8-methyl-isoxanthopteIin (15) to this highly fluorescent substance on the basis of a high resolution mass spectrum, 'H-and I. 'C-NMR spectra as well as UV spectral compaIisons with appropriate model substances. A direct proof for thc chemical constitution by an unambiguous synthesis or by any degradation expeIiments have so far not been given for the unusual naturally oecurIing pterin, which we call now "photinu, \plerin" .
The structure of 15 is very peculiar due to the t~let that no 8-substituted pteIins have so far been found in nature obviously also not expected from the common biosynthetic pathways lcading to pterins. 8-Methyl-7-oxo-7.8-dihydrolumazine (I) ("tucioplain") (2). 6-methyl-8-ribityl-7-oxo-7.8-dihydrolumazine (2) (3) amI 6.7-dimethyl-8-ribityllumazinc (3) (4) *I'arr XCVIII: \\ '. I' tki L krcr. P!('ridil/('.\' 1993. 4 . prccceding paper are to our knowledge the only naturally occurIing ptcIidine deIivativcs carrying a substutuent at the N-8 position of the nucleus. Pterin-7(8H)-ones are a little more common since the butterfly pigments isoxanthopteIin (4) . and leucopteIin (5) as well as ichthyopteIin (6) isolated from fish skin (5) represent this type of natural ptcIidine deIivatives.
In ordcr to provc the proposed structure of photinuspteIin (15) wc applied a recently developed new approach for the introduction of a carbon side-chain into the pteIidine nucleus based upon a radical nucleophilic substitution mcchanism (6,7) to convcrt 8-mcthyl-isoxanthopteIin (7) (8) into 15. Six-membered nitrogen heterocycles belong to the n-deficient heteroaromatics which are not susceptible to electrophilic substitution reaction reactions of the Friedel-Crafts type due to the special electron-distribution deactivating the carbon centers located ortho and para to the ring-nitrogen atoms. The introduction of a carbon side-chain into such a position has to be achieved by a nucleophilic mechanism of which the approach via carbon radicals is the most promising one. We have recently shown that the pteridine nucleus can be attacked especially at the pyrazine moiety hy acyl radicals to form various types of 6-and 7-suhsituted acylpteridines (9) (10) (11) (12) . Deoxysepiapterin has been synthezed hy this approach demonstrating the versatility of this method (12) .
Results and Discussion
We have now extended our studies to 8-methylisoxanthopterin (7) (8) as the starting substrate and introduced various acyl groups into the 6-position to give 6-acetyl-(S), 6-propionyl-(9), 6-hutyryl-( 10), 6-isobutyryl-(ll) and 6-benzoyl-8-methylisoxanthopterin (12) in moderate to good yields (13) .
The reaction conditions involve in the tirst step a one-electron reduction of terthutylhydroperoxide by ferrous ion to form the tert-butoxy radical which then attacks the appropriate carboxaldehyde as the Since radical nucleophilic substitution s allow also the direct introduction of a I-hydroxyalkyl sidechain into nitrogen heterocycles due to the easy generation of the appropriate a-hydroxyalkyl radical from primary and secu ndary alcohols by persulfate we applied also this method to 7 and obtained with methanol directly 6-hydroxy-methyl-8-methyl-isoxanthopterin (13) in 79% yield. In a similar manner reacted ethanol. n-propanol, n-butanol. 2-propanol and 2-butanol with 8-methylisoxanthoptelin and gavc the corresponding 6-(I-hydroxyalkyl) derivatives 14-1S in moderate yields.
These compounds have been proven to be identical with the reduction products of the 6-acyl-8-methyl-isoxanthopterins by physical means such as TLC UV and 'H-NMR spectral comparisons.
Compound 19. however. could not be obtained directly by hydroxy alkylation with benzyl alcohol but only by the tirst described route reducing 12 with potassium borohydride.
The newly synthesized compounds have been characterized by elemental analyses. their UV spectra recorded as neutral form s and monoanions Cfahie I and 2) according to their pK" values and their 'H-MNR spectra listed in the experimental part.
It is interesting to note that the introduction of an acy l group into 8-methylisoxanthopterin is associated with a remarkable bathochromic shift of the long wavelength absorption band indicating a pronounced resonance in the linear chromophore terminated hy the 2-amino and acyl-carbonyl group of the side-chain. Expectedly. the spectral iCatures of the 6-( l-hydroxyalkyl)-8-methylisoxanthopterins are very alike and close to the starting material 7 since no electronic interaction of the side-chai n is feasable. Furthem10re. the acyl groups do not inlluel1Ce substantially the acidity of 7 which is increa sed by only O.S pK .. units.
Finally. \\ c hayc compared the reported physical data of thc natural photinuspterin (15) isolated by Meinwald 1:' 1 a/. (I) with those of our synthetic material to prove or disprove the identy or both substances. The UV data show close similarity but are not exactly consistent due to the I~Kt that the iso- lated material could not have been absolutely pure as seen from the lower extinctions. Since the purification procedure has not been described in detail (I) nice only little crude product was obtained on recrystallization and even an elemental analysis has obviously not been done. The proton NMR data agree much better despite some minor discrepancies in the chemical shifts. The integrations and multiplicities of the signals coincide very well and can be taken as a proof of identical structures.
The L1C-NMR data on the other hand show the same number of signals and corresponding multiplicities but the chemical shifts differ by several units of magnitude. This may be explained by a calibration error or some inhomogeneity of the magnetic field during the measurement of the natural material.
We conclude from these comparisons that the propsed structure of Photinuspterin by Meinwald et al. (l) is correct but the physical data of this naturally occurring pterin have to be revised according to the more accurate determinations of the synthetic material. (14) . lJV/VIS: Lambda 5 (Perkin-EImer); A llIax (log E). IH-NMR: Bruker WM-250 and Jeol JNM-GX 400; in <5 (ppm) relative to TMS.
General acylation procedure for the synthesis of 6-(l(yl-8-methyl-isoxanthofJterins (8-12)
To a suspension of 1.93 g (10 mmol) of 8-methyl-isoxanthopterin (7) (8) in 12 ml of H~O was added dropwise with stirring 12 g of cone. H~S04 and then the resulting solution mixed with 40 ml of glacial acetic acid. After cooling to S'C the corresponding aldehyde was added and then the acylation achieved by simultaneous addiition of 10 g of tert-hutylhydroperoxide (75%) and a solution of 18 g of ferrous sulfate hepta-hydrate in 40 ml of H 20. respectively, from two funnels under vigorous stirring. The temperature should not raise above 20 0 within a period of 30 min. The reaction mixture was diluted hy 200 ml of H 2 0 and then neutralized by cone. ammonia to pH 5. The resulting pale yellow precipitate was collected by suction, washed with H 2 0 and acetone. For purification the solid was dissolved in 0.2 N KOH (80 ml). treated with charcoal. filtered and then the filtrate added dropwise into hailing 0.5 N formic acid (40 ml) with vigorous stirring. The pale yellow precipitate was filtered. washed with H 20 and EtOH and finally dried in an oven at 100°C. (8) According to the general procedure 2.2 g of acetaldehyde gave 1.21 g (48%) of pale yellow prism of m.p.>300°. IH-NMR (D6-0MSO): 7.44 (bs, 2H, NH2), 3. 44 (s, 3H, N-CH3), 2.47 (s, 3H, C-CH3 (10) According to the general procedure 4 g of butyraldehyde gave 1. 
6-Acetyl-8-methyl-isoxanthopterin

6-Butyryl-8-methyl-isoxanthopterin
--I,ohutyryl-8-methyl-isoxanthopterin (II)
-\ccording to the general procedure 6 g of isobu-::' raldehyde gave 0.63 g (24%) of pale yellow crystals (12) According to the general procedure 8 g of benzalJchyde gave 1.93 g (65%) of yellow needles of m. General procedure .fbr the synthesis of 6-( I-hydro> .. y alkyl)-8-methylisoxanlhopteril1s (13) (14) (15) (16) (17) (18) a) A suspension of 0.5 g (2.6 mmol) of 8-methylisoxanthopterin (7) in 100 ml of alcohol was mixed with 200 ml of 0.5 M ammonium phosphate (pH 6) and then heated under reflux. Solid ammonium persulfate (4.6 g; 20 mmol) was added and refluxing continued for another I h under vigorous stirring. The pH was adjusted to 5-6 by gradual addition 2l of 2 N KOH. When almost all starting material has disappeared on cellulose TLC, the resulting reaction solution was concentrated to about 70 ml in a flash evaporator and then acidified by hydrochloric acid to pH 1-2. The solution was passed through a column packed with a mixture of activated carbon (5 g) and Celite (15 g). then washed with H 20 till the eluate showed a pH of 5-6. The product was then eluted with 500 ml of a mixture of 5% ammonia. pyridine and EtOH 1/1/2. The eluate was evaporated to dlyness. the residue dissolved in 0.1 M KOH (20 ml), filtered and the filtrate added dropwise to boiling I N fonnic acid (5 ml). After cooling the precipitate was collected, washed with little H 20 and EtOH and dried at 100°. b) A solution of 0.5 mmol of the appropriate 6-acyl-8-methylisoxanthopterin (8) (9) (10) (11) (12) was treated with 70 mg of potassium borohydlide under stirring at room temp. for 2 h . The solution was adjusted to pH 4 by acetic acid and then concentrated in a rotatory evaporator to about 10 ml. The solid was collected and then recrystallized from H 20. (13) According to the general procedure a) in 100 ml of MeOH were obtained 0. (14) a) According to the general procedure in 100 ml of EtOH were obtained 0. 
1) -Bi?l1zoyl-8-methy l-isoxanthopteril1
6-Hydroxymelhyl-8-methylisoxanthopterin
6-( 1-Hydroxyet hyl)-8-methykisoxanthopleri n
6-(1-Hydroxy-l-methyl-ethyl)-8-methylisoxanthopteri n (17)
According to the general procedure a) in 100 ml of 2-propanol by reflux for 2 h were obtained 0.294 g (45%) of ivory colored crystals of m.p.>220° (decomp.). IH-NMR (DMSO-D6): 7.08 (bs, 2H, NH2)' 3.45 (s, 3H, N-CH3), 3.25 (bs, I H, OH), 1.43 (2, 6H, 2xCH 3 ). (18) According to the general procedure a) in 100 ml of 2-butanol by reflux for 2 h were obtained 0. 
6-( I-Hydroxy-1-methyl-propyf)-8-melhylisoxanthopterin
